Abstract
Introduction
The UN Conference on Environment and Development stated in 1992 that a requirement for achieving its aims is the improvement of access to environmental information. It is stated in Agenda 21, Chapter 40, that existing national and international mechanisms of information processing and exchange should be strengthened to ensure effective and equitable availability of information [1] . This was restated also in the course of the activities of the Intergovernmental Panel on Forests, which emphasized the need to cater for access to information systems that would "encourage effective implementation of national forest programmes, increased private-sector investment, efficient development and transfer of appropriate technologies, and improved cooperation" [2] .
Direct action at the European Community level was taken in this respect when putting into place the EFICS The objective of EFICS has been to collect, coordinate, standardize, process and disseminate information concerning the forestry sector and its development. The nature and degree of the diversity of forest resource information in Europe, in particular when taking into consideration the different national systems of collecting, processing and presenting forestry data, was the topic of a report published by the European Commission as an output under EFICS [3] . The results and recommendations from that report set in motion the search for methods to improve the comparison, reliability, accessibility and dissemination of forest information at the European level [4, 5] .
An important ongoing activity in this respect is the COST Action E43 -Harmonization of National Forest Inventories in Europe: Techniques for Common Reporting. COST Action E43 works towards the improvement and harmonization of existing national forest resource inventories in Europe and supports new inventories for meeting national, European and global level requirements with regard to supplying up-to-date harmonized and transparent forest resource information for decision making. COST Action E43 further promotes the use of scientifically sound and validated methods in forest inventory design, data collection and data analysis [6] .
A project to build a demonstration version of a forest information system -the so-called EFIS (European Forest Information System) was implemented during 2000-2002. The work was carried out under an administrative agreement between the JRC and DG AGRI (support to the EFICS No. 15016-1999-05-A1CO ISP BE). The project was established to contribute to the principles of the EFICS. Its main aims were to demonstrate the possibilities of building a forest information system infrastructure based upon metadata cataloguing and information resource discovery with the ability to use that infrastructure to retrieve, extract, visualize and process data. Basic principles were platform independence and distributed data access [7, 8] .
In the course of developing the EFIS demonstrator considerable knowledge has been gained in terms of user group requirements, evaluation of existing data and their typology and the development of different technical components with regard to resource discovery, data processing and visualization. A follow up of EFIS is currently (2003) (2004) (2005) -NEFIS aims to demonstrate that cost-effective and innovative tools can be used to query, combine and process forestry data from different sources and different data providers throughout Europe with respect to identified user requirements. Networking facilities including concepts of distributed database management and generic web mapping tools provide the links to and from European, national and regional organizations enabling access to statistical and spatial forest information. The project brings together data providers, offering information at varying scales (European, national and regional) and of different formats, and computer science experts and system developers.
NEFIS has built close co-operation with the Global Forest Information Service (GFIS) initiative. GFIS has as its aim to enhance access to all types of forest information, ensuring that it is accessible to governments and to all stakeholders, including researchers, forest managers, NGOs, community groups and the public at large. It should contribute to an improved understanding of complex forest-related issues, to better decisionmaking and more informed public engagement in forest policy and forest management at all levels [9] .
The NEFIS project consisted of 4 main components:
• the development of a NEFIS metadata schema for description of forest information resources;
• a collaborative approach of elaborating a themebased NEFIS vocabulary, based on existing controlled vocabulary and thesauri initiatives;
• the initiation of a consultative analysis-design process to model the pan-European forest information processes at a generic level, considering national and institutional relationships and information responsibilities, aided by and recorded in UML (Unified Modelling Language);
• the development of modern technical approaches for information resource discovery, data retrieval and online processing and visualization
The metadata schema and the standard vocabularies were subject to an extensive evaluation as part of the project. This paper will concentrate on the process of elaborating the NEFIS metadata schema.
Development of the NEFIS metadata schema
Metadata is structured information about a resource making it transparent to its user. Metadata can be used for multiple purposes including (1) the catalogue functionallows the resource to be described/discovered; (2) data mining function-allows the actual data to be extracted, used and analyzed; (3) define data rights/access; (4) interpretation of quality/appropriateness for a particular use. Therefore one important task in NEFIS was to derive an appropriate metadata schema for use in the project. The work was based on existing or emerging standards, such as the Dublin Core Metadata Initiative (DCMI), the ISO 19115 standard, the INPIRE initiative and also the Federal Geographic Data Committee (FGDC) spatial metadata [10] . NEFIS followed metadata schema developments initiated within the EFIS project [11, 8] . The DCMI is an organization dedicated to promoting the widespread adoption of interoperable metadata standards and developing specialized metadata vocabularies for describing resources that enable more intelligent information discovery systems. It provides for easier identification of resources using the Internet. The targets are to develop metadata standards for discovery across domains, to define frameworks for the interoperation of metadata sets, and facilitating the development of community or disciplinary specific metadata sets. ISO 19115 defines the schema required for describing geographic information and services. It provides information about the identification, the extent, the quality, the spatial and temporal schema, spatial reference, and distribution of digital geographic data [12] . The European Commission adopted in 2004 a "proposal for a Directive of the European Parliament and of the Council establishing an infrastructure for spatial information in the Community, (INSPIRE)" (COM(2004) 516 final). It lays down general rules for the establishment of an infrastructure for spatial information in Europe, for the purposes of environmental policies and policies or activities which may have a direct or indirect impact on the environment [13] . Further implemented metadata schemes such as the EEA metadata form for spatial datasets (GIS data) version 1.2 published by the European Environment Agency were investigated for use in the NEFIS metadata schema [14] .
After a consultation process the DCMI standard was chosen as a basis for elaborating the NEFIS metadata schema [15, 16] . As it is a generic approach, it allows for documentation of most resources (e.g. publications, datasets, image related outputs, but also spatial datasets and information). Investigations were conducted on how to further develop the basic DCMI schema by incorporating elements from other initiatives in order to best serve the NEFIS objectives. The DCMI basic metadata element set contains 15 elements. Three additional elements 'Audience', 'Provenance' and 'Rights Holder' (Figure 1) . Audience has been included as part of the NEFIS metadata schema. It is defined as a class of entities for whom the resource is intended or useful. The element was regarded as useful in order for data providers to give insight on their clients and/or key target groups. As the DCMI does not specify an encoding scheme for Audience the recommendation is to build and use a controlled vocabulary for the specific use of an Element. In the NEFIS project this was based on a list developed under the EFIS project [17] . Under the element 'Subject' there are three refinements. The 'NEFISThemes' refinement can be described as a set of broad topics within forestry and forest-related information. The NEFISthemes are not to be seen as a new classification within the forestry domain but as a contribution to ongoing activities in vocabulary and thesauri development. In particular the processes of establishing the NEFISThemes and corresponding controlled vocabularies/keyword lists under these themes were investigated using a cooperative consultation process between data providers, users and ontology and library experts. The actual NEFISThemes reflect the areas of expertise within the project consortium. The central themes were: (1) inventory; (2) silviculture; (3) forest products; (4) forest maps and geo-referenced data; and (5) field experiments.
The keyword lists or 'NEFISTerms' were developed either at a detailed or broad level. The work followed closely from existing recognized vocabularies, in particular those of the CABThesaurus [18] , the AgroVoc [19] , and the National Agricultural Library Thesaurus [20] . In addition it was stressed that metadata providers should be allowed the possibility of submitting terms/keywords not found in the NEFISTerms controlled vocabulary. A refinement 'Nominatedterms' was added to accommodate this need (Figure 1) . It was decided that the terms submitted under Nominatedterms should not to be made visible to a user seeking information, but would be subject to review by an editorial board, and if found suitable would be added to the NEFISTerms controlled vocabulary list under the respective NEFISTheme.
The most debated topic of the NEFIS metadata schema was that of quality. It was agreed that a general indication of quality is inherent to the DCMI elements, the elementrefinements, and the encoding schemes. The elements Creator, Description, Publisher, Coverage, Source, Date and Audience can be used to provide an indication of quality. Data providers, however, expressed the need for specifying in more detail the quality of a submitted information resource, and therefore provide the users with a transparent assessment of quality. Based on this need a definition for 'Quality Report' was elaborated including topics such as collection mandate, availability of data collection and data processing guidelines, definitions, sampling methods and explanatory notes. During a questionnaire survey implemented during the project none of the partners regarded any of the suggested headings as unimportant (Figure 2 ) [21] . Each of the topics was considered interesting to very important. Provision of definitions was considered as the most important aspect to be included within the quality report. Further it was decided that a quality report is well placed as a refinement under the element DCMI element 'Description'.
The 'Reference System' for geo-referenced datasets was first suggested as an additional refinement under the element 'Format' but due to its importance for geospatial dataset was given the status of a separate element in the schema. The approach used for the element reference system was based on the EEA metadata form for spatial datasets (Table 1) . Further additional metadata elements that could be useful for NEFIS were discussed, but not further developed. They included for example security, forest management models, and analytical tools. Table 1 . Descriptors under the element reference system [14] .
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NEFIS metadata standard -discussion and recommendation
An important issue worth noting in relation to elaborating metadata standards is the rapid pace of development. From the time of the NEFIS proposal submission (in 2002) until today, web-based interoperability technology has been in a state of high flux. Hence the outputs were limited to addressing the development of metadata standards for an improved EFIS demonstrator within the NEFIS project. The long-term aim of achieving interoperability between distributed databases of forestry data resources (ddb functionality) has been only briefly addressed in the current NEFIS project and demonstrated by using a small sub-sample of forest inventory data. The need for one or more working groups was highlighted allowing a formalized continuation of activities for addressing issues related to metadata standards and compatibility/metadata element set interoperability. Such a process was seen as crucial to guarantee longer-term developments for shared forestry information. Taking into consideration these general recommendations one should also be aware of activities in other domains -e.g. water resources, environment, damage and pollution to name only a few. Different domains should seek to share experiences and find areas of common concern, in particular in metadata schema developments. Such an approach will lead to results which can foster interoperability [22, 23] .
Further guidance for data-providers on 'best practices' e.g. on how to adapt in-house metadata and XML schemas to 'harmonized schemas' should be considered a course of action for the future. Also one should not strive to formulate optimal schemas but pursue an approach which caters for software-optimized harmonization. If activities focus too extensively on metadata schema development, the target of educating potential metadata providers themselves on the importance of metadata creation/availability may not be achieved. Therefore, it should be stressed that metadata standards should be robust, based on the principles of interoperability, technology independence, and be easily upgradeable. Examples at the current stage of interoperability technology may include DCMI for catalogue functionality, and XML schema, Web-Services, and Resource Description Framework Schemas, for distributed database (ddb) functionality.
